The research area of nuclear astrophysics is characterized by a need for information published in tens of journals in several fields and an extremely dilute distribution of researchers. For these reasons it is difficult for researchers, especially students, to be adequately informed of the relevant published research. For example, the commonly employed journal club is inefficient for a group consisting of a professor and his two students. In an attempt to address this problem, we have developed a virtual journal (VJ), a process for collecting and distributing a weekly compendium of articles of interest to researchers in nuclear astrophysics. Subscribers are notified of each VJ issue using an email-list server or an RSS feed. The VJ data base is searchable by topics assigned by the editors, or by keywords. There are two related VJs: the Virtual Journal of Nuclear Astrophysics (JINA VJ), and the SEGUE Virtual Journal (SEGUE VJ). The JINA VJ also serves as a source of new experimental and theoretical information for the JINA REACLIB reaction rate database. References to review articles and popular level articles provide an introduction to the literature for students. The VJs and support information are available at
Introduction
Nuclear astrophysics is an interdisciplinary subject with contributions from many branches of physics and astrophysics. For example, someone studying the r-process that synthesizes half of the heavy elements needs familiarity with, for example, measurements of nuclear lifetimes and nuclear masses, shell model calculations of nuclear properties, models of supernova explosions, freeze-out processes, abundances in metal poor stars, atomic oscillator strengths, processes in stellar surfaces, and the implications of all these for nucleocosmochronology.
It is, therefore, difficult for researchers in nuclear astrophysics, and especially for young researchers, to be cognizant of all the literature bearing on their research. This is aggravated by the dilute distribution of researchers, often only one in the field at a given institution.
To remedy this problem, in 2003 we founded and have since been operating a Virtual Journal of Nuclear Astrophysics (JINA VJ). It is sponsored by JINA, the Joint Institute of Nuclear Astrophysics [1] at the National Superconducting Cyclotron Laboratory (NSCL), Michigan State University. In 2006, we founded a similar journal for articles of particular interest to astronomical observers, the SEGUE Virtual Journal (SEGUE VJ) [2] . Essentially all the technical description below applies to both of these virtual journals. More recently the JINA VJ has become an important source of data for the on-line JINA REACLIB database [3] .
We describe in Section 2 the evolution of procedures for generating the journal; in Section 3 the features and functions of the JINA VJ and some examples of its usage; and in Section 4 the extension of these procedures to the Segue VJ.
Architecture
To provide the desired coverage it was necessary to scan for appropriate articles in over forty journals, as shown in For each chosen paper, one or more categories were assigned, for example, "reaction rate", "r process", etc., to aid in searching by users. The categories for the JINA VJ are shown in Fig. 2(a) . (3) An undergraduate student then compiled the chosen titles, links to them, and their assigned categories into a list which was entered into a searchable database maintained 1 by the NSCL. A Listserv notification was then sent to enrolled subscribers. More recently these processes have been streamlined.
Step (1) The production of the TOC's is now done semi-automatically. It was attempted to make this process completely automatic, but continual structural changes in the journal TOC's made this untenable, and
we have reverted to a less automated process. This is achieved with a suite of regular expressions for each journal . As journal TOC's change, these regular expressions can easily be updated. Figure 1 shows a schematic of the download process. After the weekly downloads, any error messages from problem downloads are examined and changes implemented. This takes about 30 minutes per week.
Step (2) The lists are made available on a web-based PHP-driven [4] interface so they can be easily searched remotely by the editors; this takes about 60 minutes per editor per week.
Step (3) The list of titles, links, and categories, is entered into a MySQL database [5] , and a notification is sent to readers via "Listserv" or "RSS". This takes about 10 minutes per week. An example of an issue of the JINA VJ is shown in Fig. 3 . The MySQL-based database developed specifically for the VJs provides flexible searches and integrates seamlessly with the REACLIB [3] database. This database provides recommended nuclear reaction rates to the community of modelers of processes in the cosmos, mostly in stars. More details about the virtual journal can be found at:
http://groups.nscl.msu.edu/jina/journals/jinavj
Features and functions
The first weekly issue of JINA VJ was published on July 18, 2003. A typical page is shown in Figure 2 . There are normally 20-60 articles in a given issue and 1500 to 2000 articles in a given year; a total of 10381 articles have been included through the December 2008 issues. The reader may click the appropriate link to see the abstracts or complete articles for those publications that make them publicly available without subscription. Of course, access to complete articles is, in many cases, available only if the reader's institution has an appropriate subscription. The individual journals contribute widely different numbers of articles, with the preprint servers having the largest contributions. To give an indication of the important journals for this field, Table 1 notes the number of articles from each journal for 2008.
Figure 2(a) shows the search page for the JINA VJ. Checking any number of boxes and then performing a search presents a list of articles labeled by all of the box-items (an AND search) or any one of them (an OR search). In addition, text can be entered in the search boxes and ANDed or ORed with the other choices. One can limit the search to a 2 particular year or years. This capability allows an easy search of the literature. It has also proven useful for teaching classes in the field. For example, a choice of "Reviews" and "Core collapse SN" yields review articles on supernovae. A search on Woosley provides links to papers by S.E. Woosley
The usage of the JINA VJ is quantitatively evaluated in two ways. First, we keep track of the number of individuals who continue to receive our weekly list server notification. The list was initially populated by large mailing lists for the field of nuclear astrophysics; individuals can enlist or de-list easily. The total number notified has grown slowly. It is presently about 270; we find that few de-list, except for young researchers who leave the field. The second approach is through web based hit and visit analyzers. Because of their contamination by commercial search firms and their robots, these data are very hard to interpret. None-the-less, for the usual comparisons, we typically find 30000/5000 hits/visits per month. A more reliable approach is through use of an engine such as Google Analytics [6] , which is mainly insensitive to robot searches. The results since we have been using Analytics 
The SEGUE Virtual Journal
During the evolution of JINA, astronomical observation came to play a more and more important role. It appeared that this observational community would benefit from an additional virtual journal that would provide coverage for observers that was inappropriate for the more diverse clientele of the JINA VJ. The SEGUE VJ was formed to serve this need [2] . The operation of the SEGUE VJ takes advantage of the procedures developed for JINA VJ. The categories for SEGUE VJ are shown in Fig. 2(b) . More details can be found at: http://groups.nscl.msu.edu/jina/journals/seguevj 3
Conclusions
We have developed an efficient set of procedures for producing Virtual Journals: summaries of titles and links to articles from a set of journals that are of interest to a particular research field. There are convenient search procedures for users, including choices of topics, key words, and authors. It is possible to link seamlessly to other databases that use material from the surveyed journals. The database structure and interface routines and other software needs can be made available, though with limited support. 
